The ability of viruses to readily infect tumor cells both in vitro and in vivo has resulted in their study as antitumor agents through a variety of strategies. Replicating and conditionally replicating viruses and recombinant viruses encoding genes for toxins and / or prodrugs have been studied for their direct antitumor activity with promising results. However, to date, the lack of a targettable construct able to localize to all tumors following systemic administration has proven to be a major limitation in their use for metastatic disease. The ability of a variety of well -characterized viruses to serve as vectors for expression of tumor antigens and / or cytokines has also resulted in their study as immunotherapeutic agents. In this review, we discuss preclinical and clinical data that support the use of recombinant poxviruses as vectors for in situ tumor transfection with immune -enhancing cytokines and immune costimulatory antigens. We hypothesize that such an approach will ultimately lead to enhanced immune recognition of tumor and the development of an effective systemic antitumor immune response capable of eradicating primary and metastatic tumor foci.
A s reviewed in the contributions to this volume, studies from a variety of laboratories, each with its own particular focus, have used viruses and viral vectors as antitumor agents ( reviewed in Ref. [ 1] ). These approaches range from direct tumor lysis by replicating or conditionally replicating viruses, to the use of viral vectors to carry toxins or prodrugs to tumor, to the use of viral vectors to, in one way or another, induce antitumor immunity as discussed in this review. Each approach has its own strengths and limitations and it is likely, as has been the long -held conclusion from traditional anticancer therapies such as surgery, chemotherapy, and radiation, that no single modality will be the ''magic bullet,'' but rather that combinations of modalities will likely be required for effective tumor eradication. Regardless of the strategy used, for an approach to be effective, it will be necessary to eliminate both identifiable tumor deposits as well as micrometastatic disease. For this reason, immunotherapy strategies, which hold out the promise of developing systemic antitumor effects, have held particular interest. To date, given the inability to target viral vectors administered systemically to all tumor, immunotherapy -based strategies continue to represent a major focus of clinical virotherapy trials.
The concept that the immune response may be manipulated so as to eliminate established neoplasms is an appealing one, which has been under study for decades. This concept stemmed from the early suggestion of Thomas 2 in 1959 that the immune response might be useful in ridding the body of aberrant cells and was later refined into the immune surveillance hypothesis of Burnet 3 in 1970, which, in its simplest form, hypothesized that the immune system would recognize incipient tumors as foreign and reject them and that only those tumors that evaded this surveillance mechanism would persist and grow. Early clinical support for the potential effectiveness of the immune system in eradicating tumors was based on the reports that a number of human tumors, especially melanoma and renal cell, spontaneously regress presumably by the development of an antitumor immune response. 4, 5 Based on these and other findings as well as a rapidly evolving understanding of basic immune regulation, studies by numerous investigators in preclinical and clinical settings have continued to focus on harnessing the immune response as a therapeutic for malignancy.
To date, investigators have primarily approached tumor immunotherapy in three ways ( reviewed in Ref. [6 ] ). Local therapy with immune -active adjuvants has been shown to be highly effective in the case of localized tumors of the skin and bladder. 7 -9 Tumor vaccines represent the most studied approach to therapy. In their earliest manifestations, these included the use of either whole tumor cells given unmodified or following modification with viral antigens or haptens (reviewed in Refs. [10, 11] ) followed by the use of tumor extracts and most recently defined protein antigens and peptides 12 injected directly or used to pulse antigenpresenting cells, which were subsequently used as vaccines. Success in inducing regression of clinically evident disease using these vaccines has been quite limited. However, in the adjuvant setting where one would expect minimal residual disease, prolongation of disease-free survival has been reported using these first -generation approaches. More recently, gene -based strategies have come to the fore with plasmid -and viral vectors-encoding tumor antigens being used as vaccines and as vectors for delivering immuneenhancing cytokines and costimulatory molecules to tumor in situ.
When one considers the choice of viral vectors for gene therapy, candidates usually include adenovirus and retrovirus families and, in the case of retrovirus, most recently, the HIV-derived lentiviral vectors ( reviewed in Ref. [ 1] ). Poxvirus vectors are often absent from the list of candidates for most studies. Indeed, whereas a number of characteristics of the lifecycle of poxvirus infection make them poor candidates for long -term expression, they have a number of properties that make them ideal for consideration in immunotherapy applications. Most notably, they are large viruses that are routinely shown to allow the insertion of multiple genes without compromising infectivity. In addition, the poxvirus lifecycle is limited to the cytoplasm, thus eliminating any concern for integration into the genome. Finally, they have a long history as effective and safe vaccines, first used successfully in the 1700s as a vaccine for smallpox.
While not traditionally thought of as viral or gene therapy, recombinant viral vaccines by virtue of their expression of foreign gene products in vivo meet the broad definition. Given the high level of immunogenicity of vaccinia and other poxvirus and the ease in generating recombinants noted above, poxvirus recombinants have been used extensively as vaccines for infectious organisms and more recently tumors. Preclinical studies using a variety of tumor transplants in wild -type and antigen -expressing transgenic mice have provided a strong basis for the use of poxvirus vaccines clinically ( reviewed in Ref. [13 ] ). Promising preclinical results have led to early stage clinical trials of vaccinia and nonreplicating poxviral vectors encoding defined tumor antigens such as CEA and PSA administered using a single viral vector or combinations of vectors in complex primeboost strategies with and without genes encoding immune active cytokines and/ or costimulatory molecules. 14 -17 Cytokine gene transfer studies in antitumor immunity
The generation of a cell-mediated immune response to tumor or any antigen requires: (a ) the presence of an antigen or target on the tumor; ( b) the presence of a T-lymphocyte population with specificity for the particular antigen; and (c ) a supportive cytokine milieu responsible for the recruitment of appropriate antigen -presenting cells and the modulation of the resultant response. 6 Numerous studies both preclinical and clinical from a variety of investigators have shown that tumor-specific and /or tumor-associated antigens are present on tumors and that following in vivo and /or in vitro expansion, antigen-specific T-cell populations are demonstrable. Based on these and other findings, a major emphasis in current vaccine design has been placed on attempts to modulate responses by combining cytokine genes and /or genes encoding cell surface costimulatory molecules such as B7.1, LFA -3, and ICAM -1, which are expressed on professional antigen -presenting cell populations and not normally expressed on most tumors, together with genes encoding tumor antigen in single viral or DNA -based constructs. Towards this end, a number of laboratories have stably transfected murine and, more recently, human tumor with a variety of such genes for use as vaccines. 18 -27 In murine studies, such manipulation almost uniformly resulted in rejection of the transfected and coinjected nontransfected tumor. In some cases, mice were shown to generate a measurable systemic antitumor response based on rejection of subsequent challenge with the nontransfected tumor. 18, 19, 28, 29 In a limited number of cases, ''vaccination'' with such cells resulted in the elimination or reduced growth of preexisting tumor. 22, 23, 29 Whereas these studies have been less than overwhelming in their effects on existing tumors, they do show that localized cytokine /lymphokine production can enhance the generation of tumor-specific immunity. More recently, this approach has been translated to clinical trials in renal carcinoma, prostate cancer, and melanoma. 25 -27,30 -32 While, for the most part, there have been limited clinical antitumor responses, studies have shown positive immunologic findings. 25 -27,30 -32 While the clinical trials to date using ex vivo transfected autologous tumor have demonstrated intriguing results, the requirement that autologous tumor, based on the need for proper antigen and MHC expression, be available, removed, transfected, cloned, and so forth, severely limits the number of suitable patients. A modified approach using cytokinetransfected HLA -matched allogeneic tumor or transfected autologous fibroblasts is currently under study at a number of centers, which may increase the numbers of potential patients. 33 -35 However, the labor-intensive nature of such approaches continues to be a limitation.
In situ cytokine gene transfer to enhance antitumor immunity
Given the limitations and the lack of clear successes resulting from the approaches outlined above, we developed a strategy of directly inserting the desired cytokine gene or geneencoding costimulatory antigens into the tumor utilizing vaccinia virus recombinants. Injection of the virus intralesionally or intravesically in the case of bladder cancer would result in the infection of the tumor cells and, subsequently, the secretion of biologically active cytokines and/ or the cell surface expression of costimulatory molecules. Supported by the preclinical tumor transfection studies described above, it is our hypothesis that production of proimmune cytokines locally at the tumor site in this way would enhance the generation of systemic tumor-specific immunity and resultant tumor destruction. We chose vaccinia virus vectors for our initial studies for a number of reasons. As noted above, vaccinia replicates solely in the cytoplasm, infects a variety of cell types with high efficiency, has the capacity to express several encoded genes in the same vector, and has
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Tumor transfection by vaccinia recombinants
The overall hypothesis behind our studies is that by modulating the immune milieu at the local tumor site, and thus recruiting antigen -presenting and effector cell populations, it will be possible to engender a systemic tumorspecific immune response. The result would be to eliminate both localized and disseminated tumor. We pursued both preclinical and clinical studies to determine the feasibility of the use of recombinant vaccinia as a vector for in situ transfection with the result that highly supportive data have been generated, which enhances our enthusiasm for the approach. Prior to developing recombinant vaccinia for our clinical studies, it was necessary to demonstrate that vaccinia virus recombinants were capable of transfecting murine and human tumor cells. A panel of cell lines including the murine melanoma B16, bladder tumors MBT2 and MB49, 36, 37 as well as human melanoma lines produced from our patients, 38, 39 bladder (T24 ), and prostate carcinoma (LNCAP, PC3 ) cell lines 40 were examined for their ability to be infected /transfected with vaccinia recombinants. Cell lines were exposed in vitro to vaccinia virus recombinants encoding the genes for influenza hemagglutinin and nuclear protein antigens, which allow us to stain for productively infected / transfected cells in vitro. Without exception, all cell lines tested were highly susceptible to infection /transfection at a multiplicity of infection (MOI ) of 10:1 PFU:cell. 37, 41 To determine if recombinant vaccinia were able to infect / transfect tumor in vivo, vaccinia recombinants containing reporter constructs (HA, NP, or the lacZ gene ) were injected intralesionally into murine B16 melanoma lesions or instilled through urethral catheters into the bladders of C57BL /6 mice bearing the MB49 tumor, 36, 37, 42 with results demonstrating significant infection / transfection in all systems tested. Given the immunogenicity of vaccinia and the possibility that immunity to the virus would prevent infection /transfection following in vivo administration, we examined tumor infection /transfection in vaccinia immune recipients and demonstrated significant activity in vacciniaimmune mice 37, 41 following intralesional or intravesical administration. Thus, systemic immunity to vaccinia, which would be expected to be present in adult patients and following initial vaccinia treatments, does not prevent in vivo tumor infection /transfection.
Cytokine gene delivery using vaccinia recombinants
To determine if vaccinia recombinants could be used to transfect tumors with resultant cytokine production, we established a panel of vaccinia recombinants expressing murine IL -4, IL -5, IFN, and GMCSF. 42, 43 At the time at which these were being produced, a report by Ramshaw et al demonstrated cytokine production by such recombinants. They subsequently demonstrated that the resultant production of cytokines at the viral infection / immunization site had profound effects on the resultant antiviral immunity and viral clearance. Cytokines such as IL -2 and IL -12 demonstrated enhanced viral clearance and immunity, IFN -g and TNF showed significant direct antiviral activity, whereas IL -4 significantly inhibited viral clearance and immunity. 44 Our ELISA and functional cytokine analyses demonstrated that the vaccinia -recombinant -infected tumor cells produce significant levels of cytokine protein 43 and, using vaccinia -specific primers designed in our laboratory which allow 
Intralesional vaccinia vector in patients with melanoma
As a prelude to studying the effects of intralesional recombinant vaccinia in human melanoma, we obtained an IND from the FDA to inject the Wyeth strain of vaccinia (the vaccine used in the US for smallpox immunization and our nonrecombinant parent ) intralesionally in patients with recurrent superficial melanoma. 39, 45 Five patients with histologically documented, surgically incurable melanoma with at least one dermal, subcutaneous, or lymph node metastasis that was evaluable for local response and accessible for injection were enrolled. All patients were immunocompetent as demonstrated by one or more positive cutaneous delayed-type hypersensitivity reactions to recall microbial antigens or to dinitrofluorobenzene after sensitization. Following the demonstration of systemic immunity to vaccinia through an intradermal administration of vaccine to the patients, increasing doses of vaccinia were injected intratumorally. Patients were treated twice weekly with increasing doses of intralesionally injected virus. The number of treatments and total dose varied from a low of four treatments for a total of 8Â10 6 PFU to a high of 19 treatments for a total of 12.85Â10 7 PFU. Four of five patients developed high titers of anti -vaccinia antibody within 14 -21 days. (For a detailed description of treatment and response of each patient see, Ref. [46 ] .) Antitumor activity varied among the patients, with one patient exhibiting no regression of treated nor untreated lesions, three patients had partial but brief ( < 1 month) regression of treated lesions with the onset of progression coinciding with the failure to maintain erythema and induration with repeated injections of 
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Virotheraphy clinical trials: In situ immune modulation MJ Mastrangelo and EC Lattime virus. The fifth patient sustained clinically complete remission of a large exophytic mass that was treated repeatedly as well as a smaller untreated lesion in close proximity. The size of the lesion in this latter patient allowed serial biopsies to be taken to assess viral gene function over time. In this patient, 10 6 PFU was injected into four sites in a 3 -cm superficial melanoma lesion. The lesion was biopsied at 6 hours and 4 days following administration. The biopsies were processed as frozen sections and stained using the monoclonal antibody TW2-3, which is specific for an early viral protein product of the EL3 gene present at sites of viral replication. 39 To determine if increasing immunity to vaccinia induced by multiple treatments would block productive infection /transfection, additional biopsies were similarly analyzed over the course of therapy in this patient who received 19 biweekly injections of as high as 10 7 PFU of virus ( total cumulative dose of 12.85Â10 7 PFU ). Whereas the duration of expression was diminished with increasing immunity as measured by antiviral antibody titer, productive infection was seen throughout the treatment course. 39, 45 It should be noted that minimal systemic side effects were seen in the trial. These findings demonstrate, as did our murine studies above, that vaccinia recombinants are able to infect / transfect tumor in vivo following intralesional injection even in the face of systemic immunity to the virus. We concluded from these studies that systemic immunity to the virus acts to protect the patients from toxicity while not preventing local gene expression. Our demonstration of sustained infection in virus -immune individuals strongly supports our approach in demonstrating that infection /transfection using cytokine gene -encoding vaccinia should result in cytokine production for a prolonged period.
Intralesional vaccinia -GMCSF recombinant in patients with melanoma
Having been satisfied that the vaccinia vector met our requirements of safety and efficacy, we carried out a Phase I trial of intralesional vaccinia -GMCSF in patients with therapy-refractory recurrent melanoma. The recombinant virus was produced in our laboratories using the Wyeth vaccine strain of vaccinia obtained from the CDC, which was also used in our vector alone trial above. The full -length cDNA for human GMCSF was obtained from the American Type Culture Collection (Manassas, VA ) ( pCSF -1, no. 39754 ) and cloned behind the pSC65 Synthetic Early /Late Promoter provided by Dr Bernard Moss ( NIAID ). The b -gal gene was included as a reporter gene cloned behind the p7.5 Early /Late vaccinia promoter. (For a complete description of the viral construct and production, see Ref. [47 ] .) Clinical grade virus was produced under GMP conditions, allowing us to obtain an IND from the FDA (BB -IND -6486 ). All patients were required to have accessible dermal and /or subcutaneous disease with a number also having visceral disease. Following the demonstration of immune competence -important given the replicative nature of the vector -patients receive twice weekly intralesional injections of the recombinant with dose escalation within each patient. Patients were initially treated for a 4 -week induction period ( eight treatments ). Those patients who continued to manifest clinical indications of local infectivity were maintained on treatment until maximal benefit or tumor progression. Table 1 summarizes the results seen in the first seven patients who are described in detail in Ref. [47 ] . At the highest doses, patients received 2Â10
7 PFU per lesion with the injection of multiple lesions resulting in as high as 8Â10 7 per session. For comparison, vaccinia was used as a smallpox immunization at a scarification dose of 2.5Â10
5 . The two patients with the largest tumor burdens failed to respond even at treatment sites. Three patients had mixed responses, with regression of treated and untreated dermal metastases and progression of disease elsewhere. One patient had a partial response, with regression of injected and uninjected regional dermal metastases. Residual melanoma was excised, rendering the patient disease-free. One patient with only dermal metastases confined to the scalp achieved a complete remission. Figure 1 demonstrates the complete resolution of dermal metastases seen in patient 3 of the study following treatment and that tumor eradication was accompanied by recruitment of large numbers of CD3 + T cells ( both CD4 and CD8 phenotype, not shown) into injected lesions. Figure 2 demonstrates the regression of a noninjected lesion outside of the lymphatic drainage area from the injected site ( below the knee on the back of the calf ) associated with significant CD8 + T-cell infiltration. It was the regression of uninjected lesions in four of seven patients that we have taken as evidence of the induction of tumor-specific immunity. Laboratory studies demonstrated that patients developed high levels of immunity to both vaccinia and the included b -galactosidase gene product. 47 We also confirmed that, in 
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Intravesical vaccinia in patients with bladder cancer
As a first step to our planned expansion of this strategy to the localized treatment of bladder cancer (our preclinical data demonstrated significant infection /transfection of the orthotopically growing murine bladder tumor MB49 following intravesical administration of recombinant vaccinia 37 ), we have completed a Phase I study of intravesical vaccinia vector in patients with advanced transitional cell carcinoma. As with our Phase I study of vaccinia vector alone in melanoma, 39 we used the vaccinia vector in a dose escalation study, with each patient receiving three intravesical doses over a 2 -week period. Given safety concerns, this study focused on patients with invasive transitional cell carcinoma scheduled for cystectomy with the cystectomy scheduled for the day following the third dose. Table 2 summarizes patient characteristics, doses employed, and toxicity. As noted in our prior clinical trials, patients developed high titers of antivaccinia antibody, although maximal titers were measured after cystectomy given the shortened course of therapy ( not shown ). Also as noted above, treatment was associated with a significant recruitment of activated T lymphocytes. Figure 4 demonstrates recruitment of activated CD3 + T lymphocytes as well as dendritic cells that we feel will enhance prospects for the induction of immunity to tumor.
Completed and ongoing clinical trials of localized immune gene transfer
Subsequent to our preclinical and clinical studies outlined above, there have been a number of clinical trials carried out or in the planning stage that utilize the above strategy. Table 3 outlines studies using vaccinia as well as related replicating 39,47 -52 and nonreplicating poxvirus vectors Cancer Gene Therapy 
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Conclusions
In summary, we have discussed an approach to immunologically based gene therapy logically designed from the requirements to generate a productive cellular immune response. As outlined in this review, numerous strategies have been hypothesized and tested in both preclinical and clinical settings with this goal as an endpoint. It is our hypothesis that in situ tumor transfection with cytokine genes will provide a logical extension of the vaccine strategies that have been previously studied. By incorporating genes selected based on their known contribution to the generation of systemic immune responses, we anticipate the ability to optimize the generation of an antitumor response. In addition to this logical in vivo vaccine design, this methodology will allow the generation of a single reagent in a bottle that will be of use in any tumor type provided that it is accessible to injection. This will preclude the need to have sufficient autologous tumor for harvest and subsequent vaccine production and will overcome the significant limitation of the in vitro transfectants for tumor transfection and selection in the laboratory. As noted above, the use of the patients' own tumor as a source of antigens in our system optimizes the generation of a T-cell response and has significant advantages over allogeneic vaccine strategies that rely on shared antigens restricted by common MHC antigens.
